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Mycotoxins are toxic secondary metabolic products of Fungus species. In food (human or 
feed), they are mostly found on crops as a result of a fungal infection. The crop can be 
infected during the growth period or while it is stored under inappropriate conditions after 
the harvest. Because the toxicity of mycotoxins in high dosages can lead to different diseases 
or in worst cases death, the detection of them is essential. Many worldwide agencies that are 
involved in health, food safety, and agriculture (European Food Safety Authority (EFSA), 
Food and Agriculture Organization of United Nations (FAO), etc.) release guidelines with 
the maximum allowed concentrations for mycotoxins in food and feed and also for their 
sampling and measuring. Many methods for sampling and measuring were already 
developed ranging from simple detections with enzyme-linked immune sorbent assay 
(ELISA) on a commercial strip to complex liquid chromatography-mass spectrometry 
methods (LC-MS methods). Before we can analyze the sample with a mass spectrometer 
(MS), we must prepare it with an ionization process. The mass spectrometry method 
measures the mass-to-charge ratio (m/z) of charged particles (ions). Mass spectrometer with 
electric and magnetic field divides ions in the sample by their mass and displays them on the 
computer as peaks of different intensity in the graph. The aim of this thesis was the 
optimization of MS parameters for detection of mycotoxins Deoxynivalenol, Nivalenol, T-2 
toxin, HT-2 toxin, and Zearalenone using desorption electrospray ionization (DESI) and 
desorption atmospheric pressure photo-ionization (DAPPI). The optimization was 
performed using electrospray ionization (ESI), atmospheric pressure photo-ionization 
(APPI), and microchip APPI (µAPPI) as preparation methods. Besides MS parameters 
variations, different spraying solvents and dopants were tested. The setup for DESI and 
DAPPI was constructed from moving modules, which allowed us to move our sample in 
front of MS and also test different plate surfaces, on which the samples were presented.  
The results of this thesis could be used for further analysis of DESI and DAPPI limits of 
detection (LoDs) and further detection of mycotoxins on infected food and feed. 






Mikotoksini so molekule z majhno molekulsko maso, ki so sekundarni metaboliti gliv. So 
izredno stabilni in lahko preživijo tudi toplotno obdelavo. Glive okužijo navadno zrnate 
pridelke, kot so pšenica, rž in koruza. Zaradi njihove pogostosti pojavljanja in tveganja za 
zdravje živali in človeka agencije, kot so Food and Agriculture Organization of United 
Nations (FAO), Food and Drug Administration (FDA) in European Food Safety Authority 
(EFSA), ustvarjajo smernice za njihovo vzorčenje, merjenje ter določajo meje v prehrani in 
krmi. 
Znanih je več načinov za določevanje koncentracije mikotoksinov v vzorcu. Poznamo 
imuno-kemijske metode, ki se uporabljajo rutinsko in so zelo robustne. Med nekoliko bolj 
zahtevne in natančnejše metode pa uvrščamo kromatografske metode. Te se lahko delijo na 
tekočinsko ali plinsko kromatografijo ter še glede na način detekcije, in sicer z ultravijolično 
svetlobo ali masno spektrometrijo. Pri kromatografiji, sklopljeni z masnim spektrometrom, 
je ključen vmesni korak ionizacije vzorca z ionskim izvorom. 
Cilj tega magistrskega dela je bila optimizacija nastavitev masnega spektrometra Agilent’s 
6300 Ion Trap za analizo mikotoksinov z LC/MS metodo. Preučevali smo dve metodi 
ionizacije mikotoksinov: desorpcijsko ionizacijo z razprševanjem v električnem polju 
(DESI) ter desorpcijsko foto ionizacijo pri atmosferskem tlaku (DAPPI). Pri obeh metodah 
smo želeli optimizirati nastavitve masnega spektrometra tako, da v vzorcu zazna določen 
mikotoksin ter prikaže čim bolj intenziven signal. Nastavitve smo optimizirali s pomočjo 
ionizacijskih metod: ionizacijo z razprševanjem v električnem polju (ESI), foto ionizacijo 
pri atmosferskem tlaku (APPI) ter APPI z mikročipom (µAPPI). Zaradi konstantnega 
pretoka vzorca skozi ionizator v masni spektrometer smo lahko z omenjenimi ionizacijami 
raziskali optimalne nastavitve za posamezni mikotoksin ter celo izvedli njihovo nadaljnjo 
fragmentacijo na manjše ione. To smo storili tako, da smo nastavili masni spektrometer na 
želeno tarčno molekulsko maso iona. Ta je nato za vsak parameter spreminjal območje 
napetosti. Vrednost, ki je podala največji signal, je shranil ter nadaljeval z naslednjim 
parametrom masnega spektrometra. V magistrski nalogi smo se osredotočili na optimizacijo 
parametrov za metodi DESI in DAPPI, za mikotoksine deoksinivalenol, nivalenol, T-2 
toksin, HT-2 toksin ter zearalenon. Uporabili smo že pripravljene raztopine mikotoksinov 
določenih koncentracij; pripravljenih je bilo tudi več različnih topil in dopantov, med 




smo vzorce nanesli neposredno na ploščice, kjer so se posušili. Tako pripravljene ploščice 
smo postavili na nastavljivo stojalo, priključeno na masni spektrometer. Na ploščice smo 
nato pod kotom usmerili mešanico nosilnega plina ter dopanta, ki je ioniziral vzorec ter ione 
ponesel v masni spektrometer. Ker vzorci niso bili razporejeni čez celotno ploščico, smo 
poleg spektra vzorca posneli tudi spekter ozadja, ki smo ga lahko nato s pomočjo programske 
opreme odstranili in tako dobili boljši grafični prikaz rezultatov.  
Pri nekaterih meritvah z ESI, APPI in µAPPI nismo uspeli dobiti jasnega signala za določen 
mikotoksin, čeprav smo poskusili vse možne optimizacije nastavitev. V pomoč pri pridobitvi 
signala so bili adukti nastalih ionov, na osnovi katerih smo lahko optimizirali nastavitve 
parametrov spektrofotometra. Nekaterih meritev zaradi pomanjkanja mikročipov in založnih 
raztopin mikotoksinov nismo uspeli dokončati.  
Optimizacijo metod DESI in DAPPI lahko označimo kot uspešno, saj smo za večino vzorcev 
pri meritvah dobili rezultate, ki so ustrezno prikazali vsebnost določenega mikotoksina ali 
njihovih fragmentov ter aduktov. Edini problematični mikotoksin je bil nivalenol, kjer je ion 
ozadja z enako maso kot masa iona nivalenola motil optimizacijo. Proti koncu 
raziskovalnega dela smo odkrili potencialno rešitev za ta mikotoksin z merjenjem njegovega 
formatnega adukta, vendar je za meritve zmanjkalo delujočih mikročipov. V primerjavi z 
DESI se je DAPPI metoda izkazala za učinkovitejšo, saj so bili odzivi vzorcev z njo 
intenzivnejši. 
V sklopu našega dela bi optimizirane metode lahko uporabili za nadaljnje določanje mej 
zaznavanja DESI in DAPPI ter raziskovanje vsebnosti mikotoksinov na surovih vzorcih 
različnih žitaric. 
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Mycotoxins are low molecular weight (MW) secondary metabolites produced by fungi. Even 
though there are around 300-400 compounds known as mycotoxins, only a few cause 
mycotoxicoses which are harmful to animals and humans through respiratory, dermal, and 
dietary exposure. They obtain many chemical structures and they are classified by different 
criteria: 
- by the organ they affect (e.g., immunotoxin, neurotoxin, hepatotoxin, nephrotoxin) 
- generic groups (e.g., teratogen, carcinogen, mutagen, allergen)  
- by chemical structure (e.g., coumarins, lactones) 
- biosynthetic origin (e.g., polyketides, amino acid-derived) 
- fungi that produce them (e.g., Penicillium, Aspergillus, Fusarium, Claviceps) 
[1,2,3]. 
1.1.1 Discovery, history, and importance 
Mycotoxins were mentioned for the first time in 1962 when in England around 100,000 
turkeys died because of the so-called turkey X disease. It was linked to contaminated peanuts 
with the secondary metabolites of Aspergillus flavus. The possibility that all fungi 
metabolites can be deadly, rearranged many of previous known fungal toxins to fall under 
the group of mycotoxins. Some of them were originally isolated as antibiotics (e.g., 
Penicillium mycotoxins). This discovery led until 1975 where mycotoxins were highly 
observed and many new ones were discovered. Not all of the fungi toxic compounds are 
mycotoxins. [1, 4] 
1.1.2 Effects on crops, humans, and animals 
Penicillium, Aspergillus, Fusarium, and Claviceps are groups of fungi that produce harmful 
mycotoxins to humans. The first two infect crops during their growth without any distinct 
pathogenic signs and the second two infect crops after the harvest. Infested crops are usually 
barley, maize, wheat, peanut, and corn. They are very stable and normal heat treatment 






Aflatoxins were first characterized as mycotoxins 
The group consists of four major aflatoxins: B1, B2, 
G1, and G2 which are produced from Aspergillus 
flavus or Aspergillus parasiticus. Contamination 
with aflatoxins usually happens before the harvest 
due to drought stress or during storage because of 
the moisture. The presence of aflatoxin is linked to 
increased mortality of the farm animals. The most dangerous is aflatoxin B1 which can be 
metabolically transformed in aflatoxin M1.  
Aflatoxicosis mainly target the liver of the infected animal. The acute version results in death 
while chronic disease may cause cancer and immune suppression. Metabolized aflatoxins 
bind to DNA and proteins making the meat carcinogenic for humans if consumed. [1, 4, 5, 
6] 
o Ochratoxins  
Ochratoxin was found as secondary metabolites of many 
Aspergillus species and also some species of Penicillium. 
The most known is ochratoxin A found in oats, rye, 
wheat, coffee beans, and barley. Usually, it targets 
kidneys and causes nephrotoxic effects and is also known 
to be involved as an inhibitor in phenylalanine synthesis in animals. It is suspected to be the 
cause of the disease called Balkan Endemic Nephropathy. Ochratoxin A is found in animal’s 
meat, blood, and serum. Thus, it is potentially dangerous for humans. [1,4,5, 7] 
o Citrinin  
Originally isolated from Penicillium species, later also from 
several Aspergillus species and recently from Moncascus species 
which are used as a food coloring pigment. In combination with 
ochratoxin A, it can depress the synthesis of RNA in murine 
kidneys. Usually, it is found in rice, oats, corn, and wheat. 
Harmful effects of this mycotoxin on human are not fully known [1, 5, 8] 
Figure 1: Aflatoxin B1 
Figure 3: Citrinin 






This mycotoxin is produced by Fusarium species 
and mostly affects corn. There are three main 
representatives of fumonisins: B1, B2, and B3. Due to 
drought stress, warm weather, and insect damage to 
the maturing corn, the infection can enter its kernel 
and stay there through its entire growth. With no sign of disease, the amount of mycotoxin 
is usually relatively high so the screening of crops must be maintained before the use as 
animal feed. Fumonisins are hepatotoxic for animals because they interfere with 
sphingolipid metabolism and can also cause cancer. Because of their hydrophilic nature, they 
are difficult to study and are classified as “probably carcinogenic” for humans. [1, 4, 5, 6]  
o Trichothecenes 
This group of mycotoxins consists of more than sixty metabolites produced by different 
fungi from Fusarium, Trichoderma Myrothecium, Phomopsis, Tricchothecium, and many 
others. Trichothecenes are very strong inhibitors of protein synthesis. Accumulation and 
consumption of these mycotoxins result in hemorrhage and vomiting. Usually, food and feed 
are infected. The common feature of all trichothecenes is the 12, 13-epoxytrichothene 
skeleton and different olefinic bonds in the side chains. For their toxicity mainly the epoxide 
moiety is responsible. Two mayor non-
macrocyclic types of trichothecenes are:  
Type A: T-2 toxin is found on many crops and is 
primarily produced by Fusarium sporotrichosis. 
Besides disrupting the protein synthesis, it can 
also lower the antibody levels and cytokines. 
When consumed, T-2 toxin is metabolized into 
HT-2. They both have an ester side chain in the 
C-8 position. The difference between them is in 
the C4 position where T-2 has acetate and HT-2 
has a hydroxyl group. Both of them are very 
stable and can withstand the heat processing of the 
grains. [1, 4, 5, 9, 10] 
Figure 4: Fumonisin B1 
Figure 6: HT-2 mycotoxin 




Type B: This group type of trichothecenes has a ketone 
group attached to their skeleton. Deoxynivalenol (DON), 
also called vomitoxin, is one of the most common 
mycotoxins. DON is found on many grains and lowers 
their end-use quality. If ingested in high doses, it can cause 
nausea, vomiting, and diarrhea in animals. It is also 
immunosuppressive and associated with the Fusarium 
head blight disease. Nivalenol (NIV) has about the same 
toxicity as DON and it is not threatening to human health. 
Due to the high presence of both mycotoxins as plant 
pathogens, food monitoring for these mycotoxins must be 
obtained after grain processing. [1, 4, 5, 9, 11, 12] 
o Zearalenone 
Zearalenone (ZEN) is a metabolite of many Fusarium 
species found on all continents. It is a macrocyclic β-
resorcyclic acid lactone. Is very stable and sometimes its 
presence can be found in products, such as bread and 
beer. Many female animal species exposed to ZEN 
through the contaminated feed can develop reproductive 
changes because of its strong estrogenic activity. [1, 4, 5, 6, 13] 
1.2 Regulations 
Many crops are usually processed after their harvest to make food for humans, such as flour, 
grits, alcohol, oil, etc., and to serve as an ingredient for finished animal feeds. There is an 
estimation that about a quarter of all crops is infected by mycotoxins. The most common of 
them are the five groups: DON/NIV, aflatoxins, fumonisins, ochratoxins, and ZEN. The 
organizations like Food and Agriculture Organization of the United Nations (FAO), the 
European Commission (EC; Eur-lex), and the U.S. Food and Drug Administration (FDA) 
govern regulations about mycotoxins. They provide the necessary information about the 
sampling, detection, and limits of mycotoxin presence. The limits are often presented as 
ppm/ppb (parts per million/parts per billion) which is the same as mg/kg and µg/kg of 
sample. It is important to know that not all countries have regulations and also the limits may 
Figure 8: Deoxynivalenol 
Figure 7: Nivalenol 




differ from country to country. Some limitations are presented in the table below. [2, 14, 15, 
16, 17, 18] 
Table 1: List of some regulations for mycotoxins [14, 15, 16, 17, 18] 
Mycotoxin FAO FDA EC 
Aflatoxins 
0 – 35 µg/kg (4 µg/kg in 29 
countries) 0 – 50 µg/kg in animal 
feed 
20 p.p.b. – food, peanut 
products 
5 p.p.b. – milk 
100 – 200 p.p.b. – animal feed 
2 – 10 µg/kg -food 
 
Ochratoxin 
0 – 50 µg/kg (5 µg/kg in 29 
countries) 
0 – 50 p.p.b. – food 
0 – 1000 p.p.b. – animal feed 
0,5 – 30 µg/kg – food 
0,05 – 0,25 mg/kg – animal feed 
Deoxynivalenol 
300 – 2000 µg/kg (750 µg/kg in 
19 countries) in cereals 
1 p.p.m. – wheat products 
5 – 10 p.p.m. –animal feed 
200 – 1750 µg/kg – food 
0.9 – 12 mg/kg – animal feed 
Zearalenone 50 – 1000 µg/kg in cereals 0 – 1000 p.p.b. in feed 
20 – 400 µg/kg – food 
0,1 – 3 mg/kg – animal feed 
Fumonisins 1000 µg/kg 
2 – 4 p.p.m. – corn products 
5 – 100 p.p.m. – animal feed 
 
200 – 4000 µg/kg –food 
5 – 60 mg/kg – animal feed 
1.3 Methods used for the detection of mycotoxins 
Since mycotoxins are pathogenic to animals and humans, it is important to have reliable, 
fast, robust, and accurate methods to qualify and quantify them. The first step in the analysis 
of mycotoxins is a sampling. Due to mycotoxins heterogeneity, it is very important to get a 
representative sample of observable lot. Guidelines for sampling are also delivered through 
regulations of organizations mentioned in the previous chapter. The sample preparation 
begins with grinding and mixing the primary sample to produce analytical portions with an 
equal amount of pathogen. Then, the sample is extracted by liquid-liquid or solid-phase 
extraction. For some samples, more than one extraction may be needed for analysis. After 
the extraction, a clean-up method is used before analysis to purify the sample and remove 
interfering compounds that lower the precision and accuracy of the results. The sample can 
be cleaned with liquid-liquid separation, solid-phase extraction, ion exchange columns, and 
immunoaffinity columns – the latter is the most advantageous due to its high specificity of 
the antibodies. Rapid multifunctional columns that can produce a purified sample very 
quickly in one plastic tube are new to the market. However, they are usually good for one 
analyte only. Because of the low tolerance regulations by health organizations, a method 





1.3.1 Immunochemical methods 
Due to the need for on-site screening in food products, animal feed, and also infected crops, 
fast, sensitive, and robust immunochemical methods were developed. Mostly used for 
routine analytics, they do not need high-skilled operators, expensive equipment, and much 
sample preparation. Although, these methods have limits with their selectivity, that makes 
simultaneous detection of different mycotoxins or modified compounds impossible. One of 
them is ELISA which is a method based on the use of highly specific antibody conjugate. 
Another type of available methods is bioassays which use biosensors and an inhibition assay 
approach to detect mycotoxins in the sample. To get the results, the calibration curve must 
be obtained by using standard mycotoxin concentrations which are then compared to the 
sample. [19, 20 22,] 
1.3.2 Chromatographic methods coupled with UV detection or MS 
One of the first and very simple methods for the separation and identification of mycotoxins 
was thin-layer chromatography (TLC). Besides the sample, there must be a standard solution 
of mycotoxin for identification present. The results are then obtained by ultra-violet (UV) 
and fluorescence detector or mass spectrometry. 
Liquid chromatography (LC) is based on a sample in a liquid that is pushed through the 
column where many different factors affect its separation (distribution by particle size, 
column packing density, pH of liquids, etc.). Combined with fluorescence detection, LC is 
one of the most used methods for mycotoxin detection.  
Another chromatographic method is gas chromatography (GC) where volatile samples of 
mycotoxin can be applied for the detection. It is not suitable for routine work but can serve 
as a confirmatory method.  
The upgraded version of LC is the high-performance liquid chromatography (HPLC) 
method. It is the most popular method for mycotoxin detection and can serve for quantitative 
determination but also as a clean-up method before coupled to a detection tool.  
All chromatographic methods can be coupled with a detector such as a UV detector or mass 





1.3.2.1 UV detection 
UV detector usually works in a UV or visible light wavelengths between 190 and 400 nm. 
There are two options of how this detector works. A monochromatic beam can split in two 
and one of the beams is guided through the sample and one is used as a reference. The 
compared intensity determines concentration. Another method that is commonly used in 
detections is diode-array detection. In this case, the light passes the sample first and is then 
dispersed into individual wavelengths directed on a photodiode array. A spectrum is obtained 
which can be used for compound identification and the intensity of the certain wavelength 
alone can be used for quantitative analysis. [24] 
1.3.2.2 Mass spectrometry 
A mass spectrometer consists of three major parts: an ion source, an analyzer, and a detector 
system. It works on the principle of collecting multiple ions of the sample from the ion source 
and separating them according to their mass to charge ratio (m/z). To obtain ions from the 
compounds, different ionization methods can be used. They can be divided into chemical 
ionization, photoionization, desorption ionization, spray ionization, thermal ionization, and 
ambient ionization. Common to all these methods is the creation of charged particles which 
are positive or negative depending on the applied voltage. Because of low pressure in the 
MS and electronic optics, particles enter the analyzer. The mass spectrometer then selects 
the desired ions by techniques: time-of-flight, quadrupole mass filter, ion trap or Fourier 
transform ion cyclotron resonance.  
In the experimental part of the thesis, the ion trap was used where ions are trapped between 
two end caps and a ring electrode (all in hyperbolic shape). These electrodes together with 
the applied voltages create an oscillating saddle-shaped electric field in which a cloud of 
ions is waiting for detection. The ion of interest is then selectively pushed through the end 




cap onto the detector by selecting the appropriate voltage. This system has very high 
sensitivity and resolution. It is compact and mechanically simple and also allows tandem 
mass spectrometry experiments. An electron multiplier is used to detect ejected charged 
particles. [19, 22, 23, 25, 26, 27, 28] 
 
1.4 Ionization methods 
To analyze samples on MS, we need to convert sample molecules into ions. Firstly, we need 
to define in which state is our sample (gas, liquid, or solid). Depending on that, we can 
choose different ionization methods. In general, we divide them into two groups: methods 
for hard and soft ionization. In hard ionization, high energy is delivered to the sample 
molecule which results in high fragmentation with low mass fragments. The most known 
hard ionization is electron impact ionization. On the contrary, soft ionization delivers small 
amounts of energy to the molecule which causes less fragmentation. ESI, APPI, DESI, and 
DAPPI are all representatives of soft ionization. DESI and DAPPI can be also categorized 
as ambient ionizations because there can be very little or no preparation of the sample needed 
to be ionized.  
 




1.4.1 Electrospray ionization – ESI  
To start the ESI of the analyte, it must first be in a solution. Chemistry of analyte and solution 
greatly decides on the result of ionization. The sample is introduced to the ESI chamber from 
the syringe and tube mechanism. At the end of this, the mechanism is a grounded needle 
(nebulizer) surrounded by a tube carrying the nebulizing gas. With the help of this gas and 
high voltage differential on the MS entrance, the sample coming out of the inlet is broken 
down into small droplets. Because of the electrostatic forces, the ions of one polarity migrate 
to a droplet surface. The results are small and charged droplets. These droplets alone would 
create noise signals if they were allowed to enter MS so the nebulizer is usually set 
perpendicular to the entrance. The next mechanism is the removal of the solvent before ions 
can be analyzed. For this is usually used neutral, heated “drying gas”. 
(N2) which causes the solvent to evaporate. 
This results in droplets to become smaller 
and charges on the surface to get closer. 
After reaching the Rayleigh limit 
(electrostatic repulsion becomes stronger 
than surface tension), droplets become 
unstable and undergo Coulomb fission (explosion) and create many smaller droplets. These 
explosions continue until the charge reaches a certain density (approximately 108 V/cm3) 
which leads to direct ejection of the ions from the surface. These ions are then presented to 
an MS for further analysis. The polarity of ions depends on the polarity of the voltage 
applied. ESI is mostly used for work with macromolecules and it is the so-called “soft 
ionization” because it produces little fragmentations. (29, 30) 
1.4.2 Desorption electrospray ionization – DESI 
DESI was the first ambient 
environment method that was 
coupled to MS. It is an ionization 
method that can instantly produce 
ions to observe spectra of the sample 
and has high sensitivity. It is used to 
observe small molecules and organic 
compounds, as well as proteins and 
other big molecules. Another 
Figure 12: Electrospray ionization [30] 





advantage of DESI is the simplicity of the preparation of the samples for analysis. There is 
no need or very little preparation needed for the solid samples, complex biological samples, 
liquids, and adsorbed gases. The principle of DESI lays on the ESI and desorption ionization 
(DI) method coupled together. The electrospray is needed to produce gas-phase ions and 
charged microdroplets which are distributed to the sample. A high voltage is applied to the 
spray jet which helps at nebulization. This jet desorbs ions from the sample which are then 
presented to the coupled MS which has to be equipped with an atmospheric interface with 
an extended ion transfer line. The whole setup can be assembled on the stand in front of the 
MS that must be able to provide moving in all three directions, therefore adjusting the ideal 
lengths and angles between spray, sample, and MS inlet. (31, 32, 33, 34, 35) 
 
1.4.3 Atmospheric pressure photoionization – APPI 
Photoionization uses ultraviolet photons from the UV 
lamp that are absorbed by the samples that have lower 
ionization energy (IE) than photons alone. That usually 
results in single-photon ionization. Another way of 
ionization of the sample is possible also with the help of 
carrier gas (dopant) but then the lamp must be chosen 
carefully not to exceed the IE of the carrier gas. Usually, 
the analytes have IE values of 7-10 eV, and the lamps that 
emit 10 eV are used. The sample is introduced to the lamp 
chamber through the nebulizing needle which creates a fine spray. The spray is then heated 
in the ceramic tube where the eluent droplets are fully vaporized. (37, 38, 39, 40) 
1.4.4 Microchip APPI – µAPPI 
The principle is the same as in APPI, only that the sample 
and nebulizing gas are mixed on a small chip and then 
heated. The difference is in the flow rates of the sample 
which are about 100 µL/min in APPI whereas microchip 
allows the use of flow rates 0.5-5 µL/min. (41, 42) 
 
Figure 14: APPI scheme [37] 




1.4.5 Desorption atmospheric pressure photoionization – DAPPI 
This is an ambient ionization technique that can 
provide rapid analysis of the compounds on 
surfaces. DAPPI method relies on a heated 
nebulizer microchip which provides a heated 
vaporized solvent (toluene, acetone) and a lamp 
emitting 10 eV photons. A heated jet is directed to 
the surface with the sample causing the desorption 
of a sample. The photons from the lamp ionize the 
analyte which is then transferred through air to the 
mass spectrometer. The whole setup of DAPPI can 
be on the moving table in front of MS where the distances and angles are adjusted for optimal 









The aim of my study will be an optimization of two ambient ionization methods (DESI and 
DAPPI) for detection of mycotoxins Deoxynivalenol (DON), Nivalenol (NIV), Zearalenone 
(ZEN), T-2, and HT-2 with a mass spectrometer (Agilent’s 6300 Ion Trap LC/MS system). 
The main objective is to have optimized parameters of MS for both methods which can 
provide a good-enough sample signal to determine mycotoxin in the sample. The plan is to 
use two already well-known methods (ESI and APPI/µAPPI) and different solvents to finely 
tune voltages of MS components to provide a useful signal for researched mycotoxin.  
First, we will use ESI to optimize DESI and after that APPI/ µAPPI for DAPPI optimization. 
ESI and APPI/µAPPI provide a constant flow of mycotoxin solution which gives time to 
optimize the following: voltages of capillary, skimmer, capillary exit, octopole 1 direct 
current, octopole 2 direct current, trap drive, octopole radio frequency, lens 1 + lens 2 seen 
in fig.11.  
Our goal is to have a clean and strong signal for each mycotoxin. After optimization, we will 
save the settings of all parameters for each mycotoxin and also choose the preferred solvent. 
Furthermore, where possible, we will try to obtain also MS/MS spectra for future research.  
Second, we will use saved settings with DESI and DAPPI. We will try to obtain a signal of 





3 MATERIALS AND METHODS 
3.1 Chemicals and reagents 
Table 2: Chemicals and reagents used for the experimental part 
Reagent/solvent Purity/concentration Supplier 
Deoxynivalenol 
(MW = 296) 
100 µg/mL Finnish Food Safety Authority (Evira) 
Nivalenol 
(MW = 312) 
100 µg/mL Finnish Food Safety Authority (Evira) 
T-2 toxin 
(MW = 466) 
100 µg/mL Finnish Food Safety Authority (Evira) 
HT-2 toxin 
(MW = 424) 
100 µg/mL Finnish Food Safety Authority (Evira) 
Zearalenone 
(MW = 318) 
100 µg/mL Finnish Food Safety Authority (Evira) 
Methanol 
(MeOH) 
≥ 99.9% Sigma-Aldrich Co., St Louis, MO, USA 
Ammonia 
solution 
28 – 30% Sigma-Aldrich Co. 
Acetonitrile 
(ACN) 
≥ 99.9% Sigma-Aldrich Co. 
Ammonium 
acetate 
≥ 99.9999% Sigma-Aldrich Co. 
Acetone ≥ 99.8% Sigma-Aldrich Co. 
Toluene ≥ 99.9% Sigma-Aldrich Co. 
Sodium chloride 99.8% Sigma-Aldrich Laborchemikalien 
GmbH, Seelze, Germany 
Formic acid 98 – 100% Merck Millipore, Darmstadt, Germany 
Purified water Milli-Q purification 
system 






 6330 Ion Trap LC/MS, Agilent Technologies, Santa Clara, CA, USA 
o Mass range 50 – 500 m/z  
o Max. accumulation time = 200,000 µs 
o ICC target 100,000 
o Drying gas temperature: ESI, DESI, DAPPI, µAPPI = 285 °C, DAPPI = 
350 °C 
o Drying gas flow rate = 4 L/min 
 Electrospray ionization (ESI) source, Agilent Technologies, Santa Clara, CA, USA 
 Desorption electrospray ionization (DESI) source – self-made [43] 
 Atmospheric pressure photoionization (APPI) source, Agilent Technologies, Santa 
Clara, CA, USA 
 Desorption atmospheric pressure photoionization (DESI) source – self-made [43] 
 Microchip APPI source – self-made [43] 
 Syringe pump – KD Scientific, Holliston, MA, USA 
 Syringe pump – Harvard apparatus Pump 11 elite Harvard Apparatus 
 1 mL glass syringe ⌀ = 4.61 mm – Hamilton Company, Reno, Nevada, USA 
 5 mL glass syringe ⌀ = 10.3 mm – Hamilton Company, Reno, Nevada, USA  
 Analytical balance AUM220D, Shimadzu, Kyoto, Japan 
 Software: 6300 Series TrapControl and DataAnalysis, Agilent Technologies, Santa 
Clara, CA, USA 
3.3 Sample and spray solvents preparation 
For ESI measurements, all the samples were made from 100 µg/mL stock solutions of 
analytes. They were diluted to 10 µg/mL and 1 µg/mL in three different solvents: 
MeOH:H2O (50:50), MeOH:H2O (50:50) + 0.1% HCOOH and MeOH:H2O (50:50) + 0.1% 
NH3. 
Samples diluted in MeOH:H2O (50:50) were used for DESI. The sprays solvents used for 
DESI were: MeOH:H2O (50:50), ACN/H2O (9:1) and ACN/H2O (9:1) with additives: 0.1% 
HCOOH, 0.1% NH3, 1 mM NH4OAc and 1 mM NaCl 
With APPI and µAPPI, 5 µg/mL, samples in acetone and toluene and later 9 µg/mL in 





For DAPPI, 10 µg/mL samples in MeOH:H2O (50:50) were applied on the plates and 
analyzed with toluene and acetone used as spray dopants. 
Poly(methyl methacrylate) (PMMA) plates were used for DESI and DAPPI covered with a 
Teflon sheet. Each plate had space for 6 samples, each 1 µL droplet approximately 5 mm 
apart.  
 
solvents for ESI spraying solvents for DESI dopants for APPI and 
µAPPI 
Spray dopants 
for DAPPI  
- MeOH:H2O (50:50) 
- MeOH:H2O (50:50) + 
0.1% HCOOH 
- MeOH:H2O (50:50) + 
0.1% NH3 
- MeOH:H2O (50:50) 
- ACN/H2O (9:1) 
- ACN/H2O (9:1) + 0.1% HCOOH 
- ACN/H2O (9:1) + 0.1% NH3 
- ACN/H2O (9:1) + 1 mM NH4OAc 
- ACN/H2O (9:1) + 1 mM NaCl 
- pure toluene 
- pure acetone 
- toluene + 0.1% HCOOH 
for NIV 
- pure toluene 
- pure acetone 
 
3.4 Methods  
For the experimental part, the optimization was performed for Agilent’s 6300 Series Ion 
Trap mass spectrometer.  
To perform optimization, ESI, APPI/µAPPI, DESI, and DAPPI ionization techniques were 
coupled with MS. The core components in MS were a glass capillary, a skimmer, optical 
elements (lens and octopoles), an ion trap, and an ion detector. The whole system was under 
high vacuum to ensure efficient ion transmission and detection. ESI and APPI ion sources 
were a part of the MS and were manually changed for the optimization part of experiments. 
DESI and DAPPI sources were self-made on the adjustable table in front of MS. Depending 
on the voltage applied, the measurements were performed in negative or positive polarity. 
The results from measurements were obtained with the Agilent 6300 Series Ion Trap LC/MS 
System Software Version 6.1, 2007. Optimized parameters from ESI, APPI, and µAPPI were 
saved and used for DESI and DAPPI measurements. Software provided graphs for a better 
presentation of the results and also possibilities to subtract background. 
  




3.4.1 ESI  
ESI interface had two inlets: for a liquid sample and nebulization gas. This ionization method 
was used to perform the first optimization of MS parameters. The sample was injected into 
the ESI source through a glass syringe with the pump which was set to maintain a constant 
flow of 5 µL/min. After stabilization of the signal, the trace of the ion of interest was 
observed. The MS went through the series of measurements for each parameter and then 
chose the setup which gave the result with the highest intensity. After optimization, the 
MS/MS isolation width and fragmentation voltage amplitude were also optimized to get 
fragmentations spectra of the desired ion of interest. 
3.4.2 DESI  
For DESI, an adjustable stand was coupled in front of the MS inlet which had to be equipped 
with an extended ion transfer line. Several 1 µL samples were pipetted on the PMMA plates 
covered with Teflon foil. The 10 µg/ml solutions of mycotoxins in MeOH:H2O were used 
because of fast-drying and confined droplets. The dried droplets on the plate were then set 
on the stand and analyzed by DESI. The spray nozzle was positioned at 50° concerning the 
plate stand. The spraying gas (N2) pressure was 10 bar and different spray solvents (Table 
3) were delivered from the syringe pump at a constant flow rate of 3 µl/min.  
3.4.3 APPI 
The optimization started with Agilent's APPI module. The sample was delivered to the 
interface using a 5 mL glass syringe ⌀ = 10.3 mm at a constant flow rate of 1.2 or 2.4 mL/h. 
Before measurements, the vaporizer temperature was set to 400 °C, drying temperature to 
350 °C, ramp range voltage to 600 – 2000 V, and the ultra-scan mode was turned on for 
better results. This interface was using a krypton lamp emitting 10 eV photons to ionize the 
eluent sample molecules. 
3.4.4 µAPPI 
In µAPPI, the flow rate of the sample solution was 0.6 mL/h. The nebulizer gas flow was set 
to 80 mL/min. To heat the microchip, a power unit was connected to it and provided 3 W of 
power.  
3.4.5 DAPPI 
In DAPPI, the nebulizer gas flow was set to 120 mL/min. The power used to heat the 
microchip was 4.5 W and the flow rate of the spray solvent 10 µL/min. On the plates, 1 µL 




3.4.6 Optimization of parameters 
We optimized voltages for the capillary, skimmer, capillary exit, octopole 1 direct current, 
octopole 2 direct current, trap drive, octopole radio frequency, and lens 1 + lens 2. For each 
parameter, the MS went through the range of voltage that could be applied to the parameter. 
As a result, we obtained the voltage which provided the most intense signal of the analyte. 
For each ionization method, different spray solvents and dopants were tested as listed in 
Table 3. Many of them were selected based on already known experiments. We tried to add 
some acid or base to solvents to see if a change of pH can improve results or we could search 
for a specific possible adduct to observe. To find the best solvent a series of the same 
measurements with the same voltages on parameters needs to be performed.  
As the last optimization, we could change the polarity of the applied voltages. In positive 
polarity, we observed protonated ions [M+H]+ and in negative polarity deprotonated ions 
[M-H]- of researched mycotoxins. Also, some adducts like sodium adduct [M+Na]+ were 
observed and studied. 
Presented below are the best results obtained for each mycotoxin and method of ionization. 
Where we observed a good signal of the analyte, we performed MS/MS fragmentations 
which could give us additional information about the researched ion. Results of the data 
analysis are presented in graphs, mass spectra. The X-axis of the mass spectrum is the m/z 
ratio and the y-axis is signal intensity. We were searching for intense peaks probably with 
very little disturbance of other ions and background noise which meant a successful 





4.1 ESI  
4.1.1 Deoxynivalenol 
DON was analyzed using all three spray solvent/additive combinations: MeOH:H2O (50:50), 
MeOH:H2O (50:50) + 0.1% NH3 and MeOH:H2O (50:50) 0.1% HCOOH (Table 3). The best 
results were obtained with 10 µg/mL solution in MeOH:H2O (50:50) + 0.1% NH3 in both 
negative and positive polarity and attained settings were saved for DESI measurements. In 
ESI-MS spectra among ions with m/z = 355, 444 and 473 of unknown origin, ions [M+H]+ 
(m/z = 297), [M-H]- (m/z = 295) and [M+Na]+ (m/z = 319) were observed and for them, 
optimization was performed. 
a)  
b)  
Figure 17: DON ESI spectra: positive polarity (a), MS/MS fragmentation of [M-H]¬ in negative polarity (b) both 10µg/mL 









For NIV, ions [M+H]+ (m/z = 313) [M+Na]+ (m/z = 335) and ions with m/z = 444 and 473 
were observed in positive polarity. Other peaks are background ions because they were 
observed also in DON spectra. In negative polarity, we observed ion [M-H]- (m/z = 311) and 
other ions with m/z = 255, 281, 339. Optimization of the parameters was performed for 
[M+H]+ (m/z = 313), [M-H]- (m/z = 311) and [M+Na]+ (m/z = 335). The best results were 





Figure 18: NIV ESI spectra: positive polarity (a), negative polarity (b) 10 µg/mL in MeOH:H2O (50:50) + 0,1% NH3  
4.1.3 Zearalenone 
In positive polarity, the signal of ZEN ion [M+H]+ (m/z = 319) and ions with m/z = 341, 353, 
381 were observed. Signal at m/z = 341 could belong to adduct of ZEN with sodium 
[M+Na]+ (m/z = 341. However, signals with the same mass were observed in other 
measurements (DON DESI, µAPPI, DAPPI, T-2 µAPPI, DAPPI and HT-2 DAPPI). 
Therefore, it could be impurity or other background ion. In negative mode, the [M-H]- (m/z 






and [M-H]- (m/z = 317) in negative ion mode, respectively, was performed with the 1 µg/mL 
ZEN in MeOH:H2O (50:50). Due to intense and clear peaks of the sample, we also performed 
MS/MS analysis in both polarities. 











Figure 19: ZEN ESI spectra: positive polarity (a), negative polarity (b), MS/MS spectrum of [M+H]+ (c), MS/MS spectrum 
of [M-H]- (d) 1 µg/mL in MeOH:H2O (50:50) 
4.1.4 T-2 toxin 
For T-2, we observed ions for the optimization only in positive polarity. We searched for 
[M+H]+ (m/z = 467) ion. However, we only observed visible peaks of ions with m/z = 473 
(possible [M+Li]+) , 484 (possible [M+NH4]
+), 489 (possible [M+Na]+) and 505 (possible 
[M+K]+). We optimized parameters and perform MS/MS analysis for [M+Na]+ (m/z = 489) 
and [M+NH4]
+ (m/z = 484). For the best signal, we used 1 µg/mL T-2 sample in MeOH:H2O 
(50:50).  













Figure 20: T-2 ESI spectra: Optimized parameters for [M+Na]+ (a), [M+NH4]+ (b), MS/MS fragmentation of [M+Na]+ 
(c), [M+NH4]+ (d) with 1 µg/mL sample in MeOH:H2O (50:50) 
4.1.5 HT-2 toxin 
For HT-2, we observed ions only in positive polarity. We could not find our ion of interest 
[M+H]+ (m/z = 467) but we managed to observe possible sodium adduct [M+Na]+ (m/z = 
447) and other ions with m/z = 353, 365, 381 and 437. The most intense signal was obtained 
with 1 µg/mL sample in MeOH:H2O. Optimization and MS/MS analysis was performed for 
[M+Na]+ (m/z = 447).  
 








Figure 21: HT-2 ESI spectra: Optimized parameters for [M+Na]+ adduct (a), MS/MS analysis of [M+Na]+ ion (b) for 1 
µg/mL sample in MeOH:H2O (50:50) 
4.2 DESI 
4.2.1 Deoxynivalenol 
DON was tested with all spray solvents prepared for DESI measurements and in both 
polarities. Getting a proper signal was challenging. However, the best results were obtained 
in negative polarity with spray solvent H2O:ACN at the end. Along with small [M-H]
- signals 
at m/z = 295, ions at m/z = 331, 341 and 393 were also elevated. The origin of these ions is 
unknown. However, they could be impurities originating from the Eppendorf tubes where 
the stock solution had been kept. 






Figure 22: DON DESI spectra: background signal (a), 10 µg/mL DON sample signal in negative polarity (b) with 
H2O:ACN as spray solvent 
4.2.2 Nivalenol 
The NIV sample was analyzed in both polarities. In positive ion polarity, the [M+H]+ ion 
was not observed due to a high background ion signal with the same m/z. Only a small 
increase of analyte signal was observed when passing the sample spot. In positive polarity, 
when using H2O: ACN + HCOOH spray solvent, ions at m/z = 372 and 358 were observed. 
In negative ion polarity, the signal of [M-H]- m/z = 311 was observed. However, there was 
still some interference with the background. Some other observed ions with low intensities 
at m/z = 375, 359, 339, 325, 299 which were not identified in H2O:ACN. These could be 
impurities in the sample. 
 








Figure 23: NIV DESI spectra: background signal (a) 10 µg/mL NIV sample signal in positive polarity (b) with H2O:ACN 
+ HCOOH as spray solvent, background signal (c) and sample signal in negative polarity (d) with only H2O:ACN 
4.2.3 Zearalenone 
ZEN was analyzed in both polarities. The best results were obtained with H2O:ACN in 
negative polarity. The signal for [M-H]- ion at m/z = 317 was clear and intense in the spectra 
of all spray solvents. In positive ion polarity, the search was made for [M+H]+ and possible 





a)   
b)  
Figure 24: ZEN DESI spectra: background signal (a), 10 µg/mL ZEN sample signal in negative polarity (b) with H2O:ACN 
as spray solvent 
4.2.4 T-2 toxin 
Measurements for T-2 were done only in positive polarity with all spray solvents (Table 3) 
for sodium adduct [M+Na]+ because optimized parameters for negative polarity were not 
available. The signal was intense and clear for H2O:ACN as a spray solvent. The highest 
peaks were observed with the HCOOH additive. In some cases, elevated signals of m/z = 








Figure 25: T-2 toxin DESI spectra: background signal (a) 10 µg/mL T-2 sample signal in positive polarity (b) with 
H2O:ACN + HCOOH as spray solvent. 
4.2.5 HT-2 toxin 
For the HT-2 toxin, the settings optimized for the [M+Na]+ adduct were used in positive ion 
polarity with all the spray solvents (Table 3). The Na+ adduct signal at m/z = 447 was 
detected with all solvents. However, it was the most intense with H2O: ACN + HCOOH. 
Other ions that gave signals were observed at m/z = 437 and 381 (sometimes even higher 








Figure 26: HT-2 toxin DESI spectra: background signal (a), 10 µg/mL HT-2sample signal in positive polarity (b) with 
H2O:ACN + HCOOH as spray solvent 
4.3 APPI/µAPPI 
4.3.1 Deoxynivalenol 
DON produced intense signals for [M+H]+ ions in positive polarity and [M-H]- ions in 
negative polarity, respectively, and parameters for both were optimized. The strongest signal 
was obtained for [M+H]+ in positive ion APPI in toluene with 9 µg/mL concentration. These 
parameter settings were later used for DAPPI measurements. MS/MS spectra were obtained 
in both polarities. 
 







c)   
d)  
Figure 27: DON APPI spectra: 9 µg/mL sample signal with toluene in positive polarity (a), MS/MS spectrum of [M+H]+ 
ion (b), sample signal in negative polarity (c), MS/MS spectrum of [M+H]- ion (d)  
4.3.2 Nivalenol 
The optimization for NIV was performed in both polarities with toluene and only in negative 
polarity with toluene + 0,1 % HCOOH as the dopant. The issue with positive polarity was 
that optimization was made for the ion at m/z = 313, which was later shown to be a 
background ion from the sample solution. The optimization with negative polarity was better 
for [M-H]- and even better for formate adduct [M+CHOO]- (m/z = 357). All the 









c)   











Figure 28: NIV µAPPI spectra: sample signal in positive polarity with toluene (a), MS/MS spectrum of m/z = 313 ion (b), 
sample signal in negative polarity (c), MS/MS spectrum of [M-H]- ion (d), sample signal in negative polarity with toluene 
+ HCOOH as spray solvent (e), MS/MS of [M+CHOO]- ion (f) 
4.3.3 Zearalenone 
ZEN produced intense signals for both [M+H]+ and [M-H]-. Therefore, the optimization was 
done for both polarities. A stronger signal was finally observed in negative polarity with 
toluene. The 5 µg/mL and even 0.5 µg/mL concentration of the analyte in the measurements 












c)   
d)  
Figure 29: ZEN APPI spectra: 0.5 µg/mL sample signal in positive polarity (a), MS/MS spectrum of [M+H]+ ion (b), 5 
µg/mL sample signal in negative polarity (c), MS/MS spectrum of [M-H]- ion. 
4.3.4 T-2 toxin 
The T-2 toxin could not be ionized in either of the polarities nor with any of the spray 
solvents. There were no visible ions of interest and possible adduct ions. However, the 













Figure 30: T-2 toxin µAPPI spectra: 9 µg/mL sample signal in positive polarity (a), sample signal in negative polarity (b) 
in toluene  
4.3.5 HT-2 toxin 
Sample of HT-2 with toluene in positive polarity [M+H]+ ion gave an intense signal. Also, 
a measurement with µAPPI in negative polarity was performed. There was a strong unknown 
signal at m/z = 456 of which we took MS/MS spectrum for possible further research on the 










Figure 31: HT-2 toxin APPI spectra: 9 µg/mL sample signal in positive polarity (a), MS/MS spectrum of [M+H]+ ion (b), 
sample signal in negative polarity (c), MS/MS spectrum of m/z = 456 ion 
4.4 DAPPI 
4.4.1 Deoxynivalenol 
DON was tested with optimized parameters from APPI in positive polarity for [M+H]+, (m/z 
= 297). Pure toluene produced better signals than acetone as a spray solvent. Besides the 









Figure 32: DON DAPPI spectra: background signal (a) sample signal (b) with toluene spray solvent 
4.4.2 Nivalenol 
The detection of NIV with DAPPI was problematic due to another ion with the mass m/z = 
313 in the background. In positive polarity, ions observed on the sample spot were different 
from the background with the highest signal of m/z = 258. Testing the use of toluene + 0,1% 
HCOOH in search for formate adduct [M+CHOO]- (m/z = 357) in negative polarity could 








Figure 33: NIV DAPPI spectra: background signal (a), sample signal in positive polarity with toluene spray solvent (b)  
4.4.3 Zearalenone 
ZEN ion of interest [M-H]- (m/z = 317) was observed in negative polarity and gave excellent 
signals with both spray solvents but the higher intensity with toluene  
a)  
b)  
Figure 34: ZEN DAPPI spectra: background signal (a), sample signal in negative polarity with toluene spray solvent (b) 
 
4.4.4 T-2 toxin 
Despite having no optimized parameters from APPI for T-2 toxin, a signal for [M+H]+ at 






Besides [M+H]+ ion, other ions at m/z = 365, 305, 245,… which could belong to fragments 
were observed. Toluene was used as the spray solvent. 
a)  
b)  
Figure 35: T-2 toxin DAPPI spectra: background signal(a), sample signal in positive polarity with toluene spray solvent 
(b)  
4.4.5 HT-2 toxin 
HT-2 toxin was tested with both spray solvents. Toluene in positive ion polarity produced 
the best signal for our ion of interest [M+H]+ (m/z = 425). Elevated signals of ions with mass 









Figure 36: HT-2 toxin DAPPI spectra: background signal (a), sample signal in positive polarity with toluene spray solvent 
(b)  
5 DISCUSSION 
Optimization of DESI and DAPI ionization methods is possible for the detection of 
mycotoxins. Voltages of MS components can be easy to optimize with the software but the 
real issue is to optimize spray solvents and dopants used for measurements. Not all solutions 
can provide the same result for mycotoxin, so the preparation of different solvents and 
dopants has to be prepared and tested. After that, the right ion to represent researched 
mycotoxin must be carefully selected so the background ions from other compounds cannot 
interfere. The results of this thesis should bring us closer to make the detection of mycotoxins 
with these two ionization methods quicker and easier to execute. 
We found out that optimization of MS parameters can be performed using ESI. Preferred 
solvent MeOH:H2O (50:50) provided the best results with the addition of 0.1% NH3 for DON 
and NIV. Negative polarity was chosen for DON, NIV, and ZEN. Positive polarity was 
chosen for T-2 and HT-2. We observed sodium adduct formation with some measurements 
Some studies attribute this formation to glassware in which solutions before analysis are 
contained. For T-2 and HT-2 this adduct provided a better signal on which the optimization 
was executed. With a constant low of mycotoxin, we could obtain MS/MS spectra which 
can be used to discover the true identity of the ion observed and their fragments. All 
optimized MS parameters were saved and used for DESI measurements. [45, 46] 
With DESI, we successfully obtained useful results for all mycotoxins except NIV. Despite 
some researches suggesting MeOH:H2O used for spray solvents, we observed better signals 
with ACN/H2O (9:1). The additive of 0.1% HCOOH provided better results for T-2 and HT-
2 where we observed sodium adduct peaks. The optimal angle of impact was set to 45° from 






were used as optimization measurements with ESI. In many spectra, we observed a lot of 
different elevated peaks from the ions of unknown origin. Most of them were possible 
impurities from the containers in which samples were stored. To get useful results of NIV, 
more optimization should be performed since there was a background ion with the same 
mass that interfered with measurement. [34, 47] 
Optimization of parameters with APPI was successful for all mycotoxins except T-2. We 
did not fully research what was the problem for not getting any signal and we just continued 
with our measurements. We started optimization with the APPI setup. We chose acetone and 
toluene as our base dopants and shortly after a few measurements we decided to use only 
toluene because it provided more intense signals. The only time we used an additive to our 
dopant was 0,1 % HCOOH for NIV measurement in search of formate adduct because some 
background ion with the same mass was interfering with the signal of our analyte. We were 
confronted with two issues during our testing. APPI setup lamp stopped working and due to 
a high sample flow rate, our stock of concentrated solutions was running low. For both 
problems, the solution was the use of µAPPI which was assembled in front of the MS inlet. 
We used a new lamp and microchip which lowered the flow rate of the sample for T-2 and 
NIV measurements. Also here, where we could, we obtained MS/MS spectra for the ions of 
interest which could be used for further research. [40, 48] 
With optimized parameters used on DAPPI, we observed results for all mycotoxins except 
NIV. Even though we did not have optimized parameters for T-2 mycotoxins, the deceton 
with HT-2 optimized parameters worked well. In measurements, we observed protonation, 
deprotonation, fragmentation, and some possible unknown reactions that lead to the 
formation of ions at higher m/z than the analyte. All of the signals were captured in positive 
polarity except ZEN. Toluene was indicated as a better spray solvent for all of the 
mycotoxins. As mentioned in the results, further testing of NIV should be done in search of 
formate adduct because it looked promising with µAPPI optimized parameters. [43, 48, 49, 
50] 
Overall, the results were quite successful because we optimized parameters for all 
mycotoxins with both ionization methods. Where the background ions interfere with the 
readings for the mycotoxin ion of interest, further research of possible optimization of their 
adduct could be examined. Also, the MS/MS readings could be of great help to define the 






The aim of this thesis was the optimization of parameters of Agilent’s 6300 Ion Trap mass 
spectrometer for two desorption methods (DESI, DAPPI) of ionization for five different 
mycotoxins. As a tool to optimize parameters, we used better-known methods ESI and APPI 
with which we could take measurements needed for optimization under a constant flow of 
sample solutions. All the parameters were saved by a software program and were used for 
DESI and DAPPI experiments.  
Optimized parameters measured with ESI are presented in Table 4 and for APPI/µAPPI in 
Table 5. Besides voltages for all MS components, the ion of interest, solvent, and polarity 
which gave the best signal are also listed. Columns isolation width and fragmentation voltage 
amplitude were used to set up additional fragmentations of primary ion of interest. MS/MS 
spectra obtained can be used for ion identifications.  
































DON 295 negative 
MeOH:H2O 
(50:50) + 0.1% 
NH3 
2653 -15,0 -100,0 -10,00 -1,63 53,1 90,0 2,0 73,3 1,40 0,50 
NIV 311 negative 
MeOH:H2O 
(50:50) + 0.1% 
NH3 
2700 -44,8 -100,0 -10,00 -2,75 62,1 94,0 3,2 100,0 1,20 1,30 
ZEN 317 negative MeOH:H2O 3533 -81,6 -250,0 -12,33 -2,75 59,9 80,0 5,8 88,3 0,90 4,80 
T-2 489 positive MeOH:H2O -5000 100,0 220,0 23,00 3,25 84,4 80,0 -5,8 -100,0 1,20 1,65 
HT-2 447 positive MeOH:H2O -4047 70,3 207,5 22,67 3,38 74,4 80,0 -7,6 -100,0 1,20 0,50 
Legend: Cap. Exit – capillary exit, Oct 1 DC – octopole 1 direct current, Oct 2 DC – Octopole 
2 direct current, Oct RF – octopole radio-frequency 































DON 297 positive toluene -600 41,9 116,7 11,16 3,17 53,2 91,7 -3,1 -94,0 1,40 0,30 




600 -15,0 -100,0 -7,55 -1,88 41,3 120,8 4,9 61,0 1,00 0,40 
ZEN 317 negative toluene 2000 -66,0 -200,0 -10,00 -2,00 49,9 148,0 5,4 71,7 1,00 1,35 
HT-2 425 positive toluene -1500 50,4 137,5 4,10 2,12 56,6 50,0 -2,6 -100,0 1,20 0,20 
Legend: Cap. Exit – capillary exit, Oct 1 DC – octopole 1 direct current, Oct 2 DC – Octopole 




For our experiment, the optimized parameters worked well in both investigated methods for 
almost all mycotoxins. The challenging compound was NIV where background ion with the 
same mass as our target ion interfered with the analysis. As a solution, we discovered a 
possibility to detect formate adduct [M+CHOO]- of NIV but we were not able to conclude 
the measurements with DAPPI because of no more functioning microchips. We had no 
optimized parameters for T-2 toxin with APPI/µAPPI since there was no signal. We used 
µAPPI optimized parameters for HT-2 toxin and we obtained signals also for T-2.  
Overall, the optimization of the two ionization methods was successful. There is still room 
for fine-tuning of the MS parameters and the right solvents/dopants. Overall, we could see a 
higher intensity of the signals and more clean peaks with DAPPI than DESI. However, 
further use of our results should be done to compare these two ionization methods. 
Determination of LoDs and comparison of quantification of mycotoxins in a sample could 
lead to a more solid answer of which method is better for mycotoxin detection. 
During our work, we came across some troubles of not getting the right signal or having the 
signal of the same mass as our analyte. Different adducts of ions formed during ionization 
were beneficial for analysis so we could optimize the method to achieve the best results for 
them. Our findings could be used to explore possible ways of using desorption ionization on 
raw grains of different crops that could be infected by mycotoxins. Because these methods 
need no demanding sample preparation, they are faster in the determination of mycotoxin 
presence.  
DESI and DAPPI are relatively new ways of ambient ionizations and are used increasingly 
due to their simplicity and fast screening. With the use of standards, they could also be used 
for quantitative analyzes. To perform the measurement, a low-pressure environment is not 
required. The results are provided in real-time and samples can be scanned on the x-axis and 
y-axis. Experiments with their use on live tissues are also researched. To conclude, DESI 
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